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I. INTRODUCTION 

A. BACKGROUND 

Diffraction Transitjon Redvation (DTK) occurs tevit cm. 
charged particle @f constant welocity passes throug a ice 
or near any interface between two media which posses 
different Ydielectric Constance. For example, a related 
process occurs in lineag”Vaccelecrators, in Which  bumenmen 
charges lose energy in €Pansitine the radia frequency 
accelerating modules and this effect is Known as "beam 
ora. i ne eRe mn lel 

A Toe of research has been done on diftfracti@an 
transition radiation whiteheercesustally “asseciated Oye 
Sin@le charged partielle: Ter-Mikaelian discusses the fast 
charged particle passin® throwen a circular hole [ket »e20e 
Since the fast particle field becomes equivalent to a set of 
plane waves, the calculationmeior Vadittiraction )orep bene 
similar to a procedure for c“ametlating the ditt race cna 
light waves, as well as involving scattering based on the 


HUYSeNS Prine lone 


This approach is valid if the incident wavelength, xX 
(actually A/2 }, “On “Ete Vhoele es small sconmpared Fro. ene 
radius, a, of the hole dnmeeddieronmeccrlectioneange.c oe 


of the incident wave direction must be small. (That is, the 


Poreoremecometrical optics alictw smali deviations.} Aliso. a 
Pomc Clare sus. assumed. Tieretorerm=,ciec two following 


Come itions Sheuld be satisfied 


x “a le 


Q<«i ve) 


While these condition should be maintained, Ter-Mikaelian 
Somemacrs the process af the scattering of pseudo-photons. 
Since the particle field for a fast particle depends on the 
fiseance from its path, the Founmmer components of the 
Pamerele are spatially limited in a cicle of the radius aw» 
mroeuret.2!)]. Then the following condition should be fulfilled 


for the radiation of angular frequency, W. to occur. 


(Wee, ajp2pyr ay 


where }* is the Lorentz factor. The better the condition is 


fulfilled, the greater the radiated intensity. 


Miven a charged particle which has a velocity vv. passes 


tEhrourn a hole of radius a, Wiltheras cgistance k, frome tive 
ee ero Cem iecune f (Pigure 10 [Ref. 1]). With the limits 
Wv/iwo Da and R Ka (1) 


Fig ume 


see 


K 





Diffraction Trams] tonal aenon 00 
wave vector k produced by a particle 
of velocity V transiting a distance 
R from the center of a hole of 
radius a in a screen 


ieee aelmran developed an expression for the number of 
Gua@mta of frequeney, oO, radiated in the ranye of the angles 


dame by one electron, given a's [Ref. 2] 
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where the factor q in the argument of the Bessel functicns 
Jo (qa) and J, (aa) is the projection of the wave vector k 
Minto the plane z= Of Figure Ie(q = & sin@). If R = O and 


Squatwivone)) is satisfied, the electric field components are 


ie q 
= SoS Soocogos f. 
E. ie Sie; Jo (qa) cosg (S) 
& c q +A 
le q 
ey = ani? ie "3° 9 J, (qa) sing TE) 
ec Cc q *@ 


where p is the angle of q with respect to the x-axis and 
Q=aw /yHFv PRene. 2 | . From  @@tiatrons (6) and (7), the 
bpormeeeromelS polarized with the electric vector lying in the 


Geeamie COntainame the vectors v and «xk. 


B. PREVIOUS INVESTIGATIONS 
Rule and FI@f1 tO .discuss Chat LOG development of 
di ieract lon Prains) ©) oN radiation as a noninterceptive 


diagnostic it will be necessary to accurately measure the 


angular “depemdence of (gag spectrum in the submillimeter 
regime. Also they state that the coherent DTR should be 
produced if the separations of the beam particle are on the 
order wf or osival ler than a wavelength. Diffraction 
transition radiation will begin to be produced by the beam 


at wavelengths satisfying the relation [Ref. 1] 


Pl 


ny <> (8) 
where ny is the beam density. When this relation is 
strongly sat isfied both stransition “radiation CT Re) and 


diffraction transition radiation will be enhanced and the 


fo 


intensity of the radiation will become proportional to no 
rather than to ni: 

In 1986, O'Grady did an expcriment to look at the 
diffraction transition Fadilation Using a mMitror Jin Ghee ea 
path to reflect the radiatvonmiket. ol A hole in a metal 
plate covers the beam tube exit window and varies its size. 
His results were the first cxperiment to produce DTR at 
Naval Postgraduate School Accelerator Laboratory {NPSAL). 
Data was taken at 3. different energies and compared with 
different sizes of holes and with no hole in a plate which 
generates TR. There were differences in the diffraction 
patterns which must De (@etr  DwGe deo. 

In 193 6e Gallet derived the equations regarding 


diffraction transition radiations .:on relativistic electron 


6, 


bunches passing through an aperture trom the Huygens - 
Maemo rer treetment of the fields across the aperture [Ref. 
Alc: These results come from the first theoretical approach 
to have considered the effects of electron bunching. The 
DTR pattern from a relativistic electron beam is very 
Serar to the case cf that in which a plane wave incident 
Mae clircularmmaperetires= results in the Airy diffraction 
Pueecmne sl to saGttters, however. from the optical diffraction 
Baetern in that the central maxim&m is replaced by a null 
Witeireresuits [rom the radial nature of the electron fields 
and strongly depends on aperture size. Increasing the 
aperture size, decreases the peak at @ = y } and Sivlt ts. the 
Seructure toward to the = 0 ae Aw Stronmn= peak is 
present at @ = sac (Wiech iS “characteristic of TR) and the 


Strength of the peak is dependent on the energy of the beam. 


C. CERENKOV RADIATION AND TRANSITION RADIATION 

Dee weet ONemeransctition radiation is celosely related to 
iheewmeren OCelwrs Wien a charged particle of constant speed 
Passes stNrOupl anboundary where the dielectric constants of 
the medium change, and Cerenkov radiation which results when 
a charged particle moves through a transparent medium faster 
than the phase velocity of light in the medium. 

Buskirk and Neighbours formulated the equation for the 
power of Cerenkov radiation from periodic electron bunches 


UG Vag LS ros ee This equation predicted the power from. the 


Pt 


harmonics of the fundamentaipetaodas| Ret. “cam {fn 1983, 
Buskirk and Neighbours calculated the diffract Yon eitiec ea 7 
Cerenkov radiation produced by a finite path length. This 
relation for the diffracted “Bower radiated iW wattowepece 


Ssteradian is {Ref. 6} 


Woy on) 2 9). Q R- (Watts/steradian) (9) 
where 0 = ie q* / (82H) 
q = charge in electron bunch 
Yo = fundamental frequency of the beam generator 
R = k E sin@ 1( ue 


and where 


k = 2404 /A > wave number of Cerenkov radiation 
= j Ky > Fimo sinterer 
Ky = wave number for vo 
L = finite interaction beam length 
I(u) = sintu) /su ; Gif fipact i onmepet Cemn 
u = KL(cos@ -cos@)/2 
F({k) = form factor Someeche charge distribu tiem 
bunch, considered unity when the bunch 
length is smaller than wavelength 
cos@ = C'’f/ VV =.k / (eee ecemnoy vangle 
@ = observation angle from the beam direction 


Cerenkov radiation in air 


Nn 





Pevewre 2. Cerenkov Kadlation 


1: 


From this equation. the peak Of SGiie ewer. for the weweec L > 


A occurs when 8 = 6 .- 


If a charged particle passes the boundary where the 


dielectric properties of  thewenediuneare dadifferene. ) einer 
transition radiation will always be produced. Althea 
is closely associated with Cerenkov Pad ia talon the 
pronerties are quite dittrerentre The most important proper, 


is that the intensity mat TR 3s  stronrly dependen eon san 
energy of the charged ao ce ee ae pee a whereas 19) 6 
Cerenkov radiation the intensity depends on the speed of the 
charged particle "|Retiews ie 

The gfenerated spectrum ranges from the microwave to the 
X-ray region, where the ilopereeeim) tls.) Dropper tion 2 oO mn 
LOTENtZi actors) = Transit@jem radiation is also polariggen 
and angular i, dependent. FOr Peet iv 11S iene particles 
normally incident to “the iteertace, the maximum “2 2tensaes 


occurs at the angle [{Ref. 1] 


where E is the total ener2y sand me" is the rest “ener, 
of the pampicle (lige ce 

Cerenkov radiation. TR “andor Sal Secccur Iwhen eeeae 
charged particle is” traveling Sac cons Gamemeve oe! ty Sohntoauan 
or Near aie ariane Cerenkov vradta@tiven= has a velocme: 


threshold such that the phase @Vveclocte Sor Sa part! alee 


iad 





A 
n 
o, 
en 
V 
Notes : Medium I and medium [1 have dielectric 
functions é, and @,. The direction of 
observation is n ae an angle @, with 
respect to the particle velocity 7 nO L 
Shown is the backward TR which has _ a 
Simmwrar intensity e@istribution. 
Ficwme se Transition radiation produced in the 


forward direction at an interface 


faster than the light veloc? Gy sie medium: The Cerenkov 
angle 0. is related to the index of refraction Vand were 
particle velocity as shown in Equation 9. TR and ODTR 
intensities and angles of emission depend on the particle's 
energy as shown in Equation 10. 

In case of NPSAL, the electron beam passes tine 
accelerator beam pipe through a circular KAPTON anerture 
where transition and diffraction transition radiation ee 
have been produced and enters air where Cerenkov radiation 
was produced. For a 50 MeV electron beam, the peak of 


intensity for Cerenkov radiation is about 1.19 degree 


{n=1.000268) and 0.59 dezrecweomeln  andeot Rk. 


D> PURPOSE 

Theis experiment is Primary focused on isolating 
dwifract log transition radiation from the trans i Cisom 
radiation and Cerenkov radiation to investigate closely the 
distribution of radiation intensvty as a function of ang ice 
hole size, and dependent on the beam energy. 

A secondary focus is to improve the method of recording 
data. Previous work in NPSAL assume the beam density to be 
stable; however, the beam is unstable and sometimes goes to 
ZeLror Because the radiation field is dependent on the 
current, the observed field signal should be corrected when 


the beam changes. This correction tseeatled normalization. 
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II. THE EXPERIMENT 

A. EXPERIMENTAL SETUP 

This experiment was performed using an electron linear 
accelerator (LINAC) at the Naval Postgraduate School. The 
experimental station and the characteristics of the LINAC is 
described in Appendix A. The experimental setup in the end 
station is shown in Figure 4, and is basically similar to 
that used by O'Grady [{Ref. 3] and by Bruce (Ref. 7]. 
However, several new concepts and alternate equipments are 


used. A mirror is not used for direct measurement of 





Figure 4. Experimental setup 
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radiraelon The traveling wave cube (TWT) amplifier and a 
band pass filter of the Jesper amenieeingke!. 3. and @iei. year 
not used. Instead, a crystal detector is attached direct, 


to the end of the waveguide, and then an amplifier is used 


af or me ae = A Hewlett Packard plotter (HP7090A). is used Co 
rie C0 PiGmaaten Cuidiant am A HP236 Scomputer is used to  ssave ane 
CO br 0. sagt ese d achae For. normalization of data;,-a@ €0mo 7 Gis 


put on the end of beam pipe to detect the fluctuation of the 
beam intensity. | 

It was decided to find the frequency components of the 
average radiated power in the X-band eich (942-12 -496GHze 
where third harmonic Cerenkov @ipadho te ons 25638 (Giz for eiene 
LINAC) can be detected. For this experiment, the setup is 
roughly divided into two sections as shown in Figure 5. One 
is the end station where Padeation is destected Sang 
transferred to the control room. The @G@nergis the conitiiod 
room where data is recorded and saved ior further 
investigation. 

1. The end station 

The end station is equipped with a toroid, a beam 

NoOmaC Or; a aluminum plate, a helium bag, a feedhorn 
assembly, and two research amplifiers. The electron beam 
bunches come from the LINAC through the beam pipe which may 
produce diffraction transition "radiaelon so tk, sand” Chrowean 
a plastic KAPTON aperture which may generate transition 


radiation elke On the end of the beam pipe, a toroid is 
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Preure 9. Schematic diagram of the setup 


located to detect the flvuctuetronm ofS "Deane eee 
The toroid output is used for normalization of the detected 
Signal from the feedhorn antenna. After the toroid, the 
beam goes through the short interaction region in air where 
Cerenkov radiation is generated. AYa4 cm interactlon esc, 
separates the end of the beam pipe and the aluminum plate te 
i 


provide a far field deteeuvenmot Cerenkov radiations es 


— 


cm X 36 cm X% 0.05 cm aluminum plate (without hole) is used 
for TR and three plates (each with a different hole size) 
are used to detect DTR. A Diastic bag containing helltum eae 
is used to eliminate the Cerenkov radiation which is 
produced when air is between the plate and the feedhorn 
assembly. 

The feedhorn assembly, Figure 6, consists of a nomen 
antenna, a short plece Wot "Waveawmae, Va (ery state co Gee eo. 
mounting assembly, and a travelling dolly. The “h=-band tre 
cm X 4.6 cm microwave horn antenna is located at 1.5 m away 
from the plate. A 29.5 cm section of X-band waveguide is 
inserted between the antenna and the crystal detector, which 
is bent down to protect the detector from the electron beam. 
The crystal detector is Used Tor@nedalating the radiation sea 
visible to them osctaaloscope “anid to Une sample-and-hoid 
network in the control room. The mounting assembly holds the 
feedhorn and allows the feedhorn to rotate though the angle 
to measure the angular dependence of the direct radiation. 


The center of the horn antenna is located along the axis of 





Figure 6. Feedhorn assembly 


ed 


the beam and maintained at the same vertical level while 
rotating from sidéd to side bya traveling does The 
traveling dolly carries the feedhorn assembly and travels 
along a wooden platform on which the angles are marked. The 
speed of the traveling dolly is controlled by a 
notentiometer in the control room. A camera and a monitor 
is established to see the angles. The microwave signal 
received at a feedhorn. Tae cae by Ememecrystal detectors 
is transmitted to the research amplifier through RG 9/U 
Coavilal %cab ler A relatively weak signal is amplified with 
two amplifiers with maximum 3000 gain. One is for the beam 
Signal, the other Wier (or pacdieweon. [hese mwamolified signaise 
are transmitted gto the com@aoel Gasonmeeme triply shielded 
cable. 
2. Control _ room 

Signals @irom the send “statieonmearwe split and sent in 
two directions in Eh wconeGrce roc. One direction leads to 
an oscilloscope for visual reference, and the other to the 
data collection network aS “shewieein Fieure 9 7. The data 
collection network consists of a sample and hold network, an 
oscilloscope, a plotter, and a computer. The integrated 
Circuit high speed sample-and-hold network is well explained 
with Figure 17 and 18 tin Reference 7. Another oscilloscope 


is used for integration timing for the samplc-and-hold 


network. 





Bieure 7. Control room 


After this network, Signals are transmi1 tteq tomer 
programmable HP7090A plotter through two channels, one to 
observe the beam current and the other to record the 
radiation sienal. The plotter can take one thecusand 
digitized data per each channel during a given period. 
Then, it can plot the data Z@sSelf or be controlled) )yara 
CONDUC e re The HP236 computer was used to control the 
plotter and save the raw data and provided a program written 
in Basic language,. Also, it used another program for 


further investigation (see Appendix 2). 


B. PROCEDURE 

This experiment can be divided roughly into three 
Stepse The first step is the digitization of the data. In 
most experiments at NPS, data was obtained by manually 
recording values from the oscilloscope or from the spectrum 
analyzer at angles observed through the closed circuit 
television. It was significantiyeimproved by Bruce Wket ww 
using the X/Y recorder in which the data was recorded 
automatically. However, all data was analog in form and no 
manipulation of data.was possible because of its analog 
nature. 

This problem was solved by using a HP7090A plotter 
as shown in Figure 8. Three ‘ehannels,) are available “for 


receiving analog input signals and each channel uses its own 
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haere 8 . HPTO90A plotter 


Zio 


analog-to-digital (A/D) converter to digitize =the wana. 
paaventie s It contains three buffers that are used to store 
digitized input signal data during buffered recording wand 
each buffer is capable of storing 1000 data values in a 
given period. The period for acquisition of the signal can 
be set from 1 sec to 24 hours. This buffered data can be 
used for drawing or for transferring to the computer. Asses 
it can plot the modif led@data wevunme a comouter. That is, the 
plotter serves as the front end of a data acquisition system 
or as a graphics plotter with a computer. 
2. Normalization 
The next step is normalization of the signal. Since 


the radiation field is dependent on the beam current, The 


observed field signal should be corrected when the beam 


changes. THiS) COErFeEC ETON siseecalved normallzaeion. If the 
beam is constant, the signal should be stable when the 
detector is fixed. First, two antennas were used at two 
fixed positions during a 30 second period. Then, Cerenkov 


ra@diaet ion detected with both antennas is continuously 
changed as shown in Figure 9Q. To normalize. average value 
of one signal is calculated then it is applied to the other 
signal to compensate for fluctuations. But it was over 
corrected as can be seen in Figure Q. 

Many methods were tried to accomplish normalization. 
It was assumed that the relation of the signal and the beam 


was linear according the equation (8}. A toroid was used to 
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detect Mie Sehanees in these VI though 0 cess 
sufficient for normalizationm@ewnce the relavirenepeoeveen tie 
beam current and the radiation signal is not exactly Known. 
Another problem encountered during the programming for 
herTMlMasee2za tion . Since the beam current occasionally goes to 
zero, previous value is assumed for the value of Zero {See 
Apioemnaiex 2). 
3. Data_collection 

The collecting” data ism thes third step of this 
experiment. During the data -acquvsiwion, it was notme@ed 
that the alignment of the antenna is very important. The 
height of both lobes is very dependent on the positioning cf 
the antenna. When the antenna is aimed to the right 
relative to an observer facing in the beam direction, the 
left lobe is higher than the right lobe as shown in Figure 
10% In the other case, aiming to the left, the right lebe 
is higher than the lett Petpeme@aeure 1). So alignment of 
the antenna is carefully checked to see if the axis of the 
antenna is the same as the axis line of the beam. 

The Pntens 1 ty weer the detected signal from. the 
antenna is affected by beam focusing. The beam is blurred 
when the focal point is moved further from the end of the 
beam pipe, due to the diffusion of the beam in air. 
Consequentiy, it is @ifilewlt Go focus at sepoint downs trean 
from the beam pipe {s@e Fiigumes 12, 135 and 44). When the 


distance of the antenna from the beam pipe is fixed to 
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Figure 14. Beam focusing with distance 
80 cm and 100 cm 
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Figure sis. Beam focusing with distance 
40 cm and 60 cm 


3a 





Picure 12. Beam focusing with distance 
O cm and 20 cm 
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160 cm. the intensity oti the Sema 1s hignes t Pye 
electron beam is focused at a point 15 cm from the beam 
pipe. 

Since TR and DTR are naturally produced from the end 
of the beam pipe, and Cerenkov radiation is generated in 
air, several different setups were required to isolate the 
DTR from TR and Cerenkov Sradmaweone as | SNOW Figure Is" 
In the setup A, a aluminum plate with a hole which generates 
DTR is located at 14 cm from the end of the beam pipe, and a 
plastic bag filled with helium gas was used to eliminate 
Cerenkov radiation. Three different sizes of hole (radii of 
3 cm, 5 cm, and 7 cm) were used to find the effect of the 
hole size. A aluminum plate without hole, 1.e., radius Zere 
cm, is used in the setup B, which generates TR. To remove 
Cerenkov radiation production in air from the plate to the 
antenna, helium gas in a plastic bag was used. But the 
ONlastic bag itself was a source of another TR and reflection 
from the plastic bag also must be considered. To find these 
effects, several setups were used. Setup C uses a helium 
Dae Poneeye Setup D uses the same bag but air instead heliun. 
Setup E uses the same bag without ends. And setup F uses no 
material (air only) between beam pipe and antenna. 

Since all three radiations are produced by a beam 
DUNCh Movie eae ed constant velocity and the boundary 
(KAPTON, aluminum plate, plastic bag ends) is perpendicular 


to the electron beam, the electric field of all three 
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Eiegure 15. 6 patterns of setup 


cadiations wili be in the plane Mote tne beam Gireceroe 7 


the “det eae wons The magnetic field will be perpendicular to 
Cis Se plaiwe Therefore. it 2smexpected that all three 
radlationsmeappear together. Mithouch there are no @Einite 
boundaries between Cerenkov, TR and OTR, this experiment 


attempts an empirical separation of the DTR through changes 
In Che setup. 
The expected radiations are shown in the Table 1. 


according to the different setupein Figure 13. 
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In the setup A, it was assumed that the detected 
signal was consists of Cerenkov radiation from a 14 cm 
interaction region which is represented as Cia: DTR from the 


aluminum plate With’ a hole] trans ici tadiation. fron > omen 
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Sasol a Plastic bag which is expressed as oe and some 


sf 


amount Of reflection from the side wall of the plastic bag 


CR yi In the setup 8B, the aluminum plate without hole was 
replaced and oo) in the setup A was removed by this plate. 
Setup C was same as the setup A except without plate. setup 


D used air instead of helium gas in the setup C and 
therefore Cerenkov radiation was produced inside the bay 
which 1s represented as C. Setup E removed the both ends of 
the plastic bag and setup F removed all material between the 


beam pipe and the antenna. 


Si, 


III. RESULTS _AND_ CONCLUSIONS 
* soResuL ES 

Two different energies (32.9 MeV and 63.3 MeV) were used 
to confirm the experiment. Unfortunately, higher enerrmy was 
not used because kKlystron #355 was not operable due ~toma 
failure in its associated power suppl. Using 32.9. Mex 
energy, the normalized signal patterns are shown in Figures 
16-23 and for 63.3 MeV eaeemwecnowi.s Iie tl Pures e In 
reading Figures 16-31, it should be noted that the zero 
angle could have as much as 1 degree error because the 
control of the potentiometer "an@meine record startin Of fume 
plotter was manually “controled, Measurement of angles 
covered from See LO Be : ft as alse noted that Y-axis #7 
measured as a relative ratio, and the maximum ratio of the 
detected signal to the beam current was 1400 % (except 
Figures 16,007 eeandere oe This scale of X and Y-axis was 
maintained through the cxXperiments. 

The most remarkable aspect of this experiment is that TR 
and DTR peak angle is closer to the zero angle rather than | 
the peak angle of Cerenkov radiation. In the case of 32.9 
MeV, the theoretical peak angle of TR and DTR (0.89°) is 
smaller than the theoretical peak angle of Cerenkov 


radiat tom (0 one However, the experimental peak angle Ws 
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TABLE Zz 


PEAK ANGLES 


S22 eV 


Experimental 


Theoretical 


Cerenkov, 
0.98 


es DTR, 


OPS By, 





63.3 MeV 
Experimental 
Theoretical 
Setup Peak angle 

Cerenkov, 

1.24 
TR & DTR, 

0.46 
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ditferent as shown in Labiewee 


Cf 


ince setups 0) "2c 


k= 
ae 


‘see Figure 15) involve electron beam nvropagation in a3: 
they mainly produce Cerenkov radiation and the peak is about 
at ee On the other hand, setups 4,758. and CC (sec Vlas ee 
15) removed most part of air and mostly produce DTR and TR. 
However. they enoulda remove the effects (aye Cerenkov 
hada eon: The observed experimental peak angle ct these 
cases (setups A, B ana Cc \eaee eee and this angle is smallJeg 
than the peak angle of the experimental Cerenkov radiation 
(setups D, E Vandi {n the case of 63.3 MeV, the same 
result as the case of 32.9 MeV, the theoretical peak angle 
and the experimental peak angle for TR and DTR are both 
smaller than the peak angle of Cerenkov radiation as shown 
in Table 2. {n both cases, there are large differences 
between theoretical peak angles and the experimental peak 
angles. {t is suspected that the reason of this difference 
is the lack of an exact relationship for normalization eeeme 
incomplete elimination of other radiations, and the lack of 
the correct experimental boundary conditions incorporated in 
the theory: 

Even though the height of the peak is theoretically 
decreased with increasing hole size, the experimental result 
of the effect of the hole size was very Meomplicated. AS 
shown in Table 3, the result of two energies is different 
and no sensible relation between the peak intensity and the 


hole size could be established. In the case of high enere wz 
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Ue ieee es 





Cee ule Pee err BES 
Peak | 
Hole Size se . 
32.9 MeV | 63.3 Mev | 





(radius) Se a er : 
left rise ent © right 


a= = ee a a ee 





ep eee et = 








2x2 250 Penne. 2 1.8 
De ia % ae 20 

3 cm a5 29 6 ee oe 2 a 

O cm (TR) 2.0 Nake : 3.93 | Cae 


the intensity pattern looks like the theoretical prediction. 
Pxieetme Other casewt32.9 MeV) is very ditferent. From Table 
3, it is supposed that TR and DTR are more related to the 
theoretical prediction when the higher energy was used 
rather than the lower energy. 

Comearinng Seeip C and setup D. it is noticed that TR 
from the plastic bag is large when the higher energy 
electrons are used (Table 1). When comparing setup D and 
setup E, the peak value of two energies are different. This 
Peeceiimai1cates afain that TR and DITR from the plastic bag 
will be dependent on the beam energy. The intensity of 
setup F (only air between the beam pipe and the detector) is 
Pareer veiamesetup E (just put plastic tube without ends). 
This tells about some amount of suppression due to the 


plastic tube. 
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PAB et 


PEAK OF “EAN s Up 





B. “CONCLUSIONS 

Diffraction transition radiation was detected by direct 
measurement of radiation in these experiments. The X-band 
horn antenna passed through the beam path and found the 
first lobe of diffraction transition radiation, transition 
radiation, and Cerenkov radiation. lt is found that (ei 
peak angle of TR and DTR is closer to Zero degrees than mene 
peak angle for Cerenkov radiation. Although these measured 
values are mot the Sainle “as “tile theoretical “alucc seni 
result show the same relation for both cnergic¢s of 32.9 Meu 
and 63.3 MeV. 

During these experiments, the relationship between the 
intensity of the signal and the hole size can not be found. 


But when the higher energy was used, it was easily found 
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Pimento rer dao ine sie Mole Size decreased the intensity or the 


See eile ean elise ior OtmCOniGuedinc, normalization 1s 
necessary to compensate for this beam fluctuation. But the 
moore assumption was made for the normalization due_to the 
lack of the exact relation between the beam current and the 
Signal. Dei (Om 5 which was achieved en these 
apencimentsc,, OF Ehe Signal and the beam Current has.a lot of 
advantage for dealing with the data compared to the analog 
data. On the end of the beam pipe, all three radiations may 
be generated and these three radiations are detected all 
together at the antenna. In these experiments, the effort 
MoInesceparation Of MNTR was tried, but it was found that it is 
not enough. FOG a Pwr einer experiment followings are 
recommended 

eis} Investigation of the highcr beam energy using all 
three klystrons to find the relation between the beam energy 


and DTR. 


tS 


Find the exact relation of the signal to the beam 
current, and develop the arrangement of equipment for this 
purpose. 

(3°) Any meaningful efforts will require the isolation 
tte vitemrromeche TR and Cerenkov radiation. 

(cle) More effort is needed to find out the relation 
between the hole size and the intensity of DTR. 


es) heater 1 on Of the morse can improve the results. 
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APPENDIX A 


LINAC CHARACTERISTICS 






















Beam energy. . 2 « sts. enue osceee Lae Mevy — ToOCwMey 

Beam micro bunch Jengun eee... 0.0024 m 

Beam micro bunch distance ....... OF 1esrm 

Beam micro bunch chance. 1516 x ton ome 

Third harmonic frequency... ... 8.566 Ghz 

Third harmonic wavelength ....... 3700 -eM 
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Figure 32. Experimental station 
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APPENDIX B 


BASIC PROGRAM LISTINGS 


Program for normalization 


12 i7N15 Proaram provides a normalized radiétion with a toroid 
Ra tom tne o0eam pipe and moving norn anienna. 
30 (ae ehuma gio provided by ERP. 7/0504. 


40 

50 Me line ei Caran 

50 S5SiGN Brip7O9@ TO 7@5 

7e GETIGN BASE 1 

Ea 

ai lGerine the variables. 

106 Rere Cnanit]: 1000) ,Chan2(1:100@?) Nermalii i: 18ae; 

11@ Pete5e> Veh ase ver, 

ee 

jou [So Tawteiecomatc1Ons. Tor tne olotter 

14a Ce Sree eect iseles*t =oMmemme. | and £ Vs. time 
Tsu Gee Seem ee wee IMs” NI Nelits ecave form eacn cnannel 
ibe Ceo OmOrwels pols vs” fsets teteai: time to 15 seconds 
17 lg eee pyyao; MS) <° isets tu’ ferea recording mode 
1&¢ 

a w= Katommtovwou fers incrovar 2 cnannel=. 

ave eee cee 5 Pee He KRESS CONTINUE. 
be Getiti 

Jet en. = 

Ce 

Lay 

o5a ea =cranm Ccammanc 

2 Gove wate trans 

era's Suet oe 26 to area 

Brel © Plats —1or-.catea 

~ oe Bese ssve data 

eee ae. 

i ia 

Sea 

Soe 

23t WeecGea,;, sUDOTogram 

Pepe erate = 1 Uh1s SUBrOouUtINeG tar e@= Gate trot 2 burters 

Be fand stcere#s in errs, varieties: unan! and CL. 

Sian y | 

7G Tleaneter “chanmet jf sdave te “nmanl array. 


3&0 CISP "TRANSFERRING DATA’ 
392 OUTPUT GHD7090: "O01 .10@2,c jo" 
oe OUTPUT @Hp7090;"C1:" 
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J 
? J 
Cj eS ot) 6) 


mc C2 


=) &) 


ia es Gp 


tp) Oy Ove yO Ue eh ein Chis 
oS © ees fee Ln Sees fe SS De a JO OO eS 
ei so to EE} 


ey ©3 


-)-1) 
a) (use 
es) 


“J 


CU) 


me ty TF — C3 un mH 
ath eee) tell Te a (eR) 


“+ 


ahi FO (OO) (Ar 


i) bk re 
-~} GM) Uf 
rey (es) SS es 


IX} 
ni 


cm 


i acr) 


oe) Sieh Tan 
ea 


<a) 


Plot_area: 


i eal Cos 


rOoR N=t TO 1300 
ENTER @HO70396 USING 
NEXT N 


Sk Clete Ney 


l'Transfer 
OUTPUT 


enannel -= Geta to Unane array. 
GHD 789G:"“DOZ , 1000 8,03" 

CUTPUT @BHp7090;"QI;" 
FOR N=i TQ 10@0 
ENTER @Hp 7@96 USING 
NEXT N 

RETURN 


"& K" sChan2cn) 


| 


(This subroutine draws the plott 


| 

‘Define the plo 
biSr Pedi. 
OUTFUT B8rHo72 
OUTPUT 6Ho78 


ie 

F 5 DRAWING. “ 

SG: "751760 ,130@ ,9S00 ,646G; " 

SC 3 (Si 70e VisOe se0G e40G. 

| 

sets crid porta: eee Or Ysaeage 
OUTFUT Sea 7@9e 

| 

(‘Select 


ee Ga le 1 


RETURN 
| 
| 
(TMNIS SuDrOLUTInNG Bicte he mormallzced (mans. 
GOSUE Nermei inormalize tn= Gets 
Dis- "NORMA i 2=0 S=fiekn fs ORAwiNe) 
(Sets scale factor Oe (00 for] anaes... 
OUTPUT CHoYGSe: Soa nee 
\Select pen 2 Srne.ie aoe 
OUTPUT Sha /Gae: Soe 
liransfer n@rmailie®2 sete t-Cm conmute> Comore ses 
[Set ratio 300. ana crawing data 
Factor=4800 lmatio «| 20uree 
FOR WN=i TG 1600 
Te N=! THEN GUTP UO Geo? oog Sue e se Neral Nise s ee 
q io 75s “RGSS sNiNermal(Neeractor 


a; 
= Ti 
eae 
Ic. 
Hg 


N 
GUTRUT 
DISF " 
RETURN 


UV 
~ 
ea 
—=4 53 
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Ing area ano grids. 


antenna. 


Cm nan 
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- 
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ne 


Cna 


So) ceane 


rT 
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is 


lCnani 


QJ esl 
— tf} i= 
wi 4 gq) ow oO 
“J % +f} Fw € Ts 
bm 'e il feet Globe ti 1G = > 
1 2 qa Wed Gia et er i Ee z 
> Ww 3 wm ££ 0 T&T GU U ee Oh ve 
+? Ww ee 1 OED. 1S) TV ee aq: 
& wT t (- 1 fla ff soar 
i t= at as (QI libs tf) iH aes 
< 0 nj “ [ee a ee” er ory ‘ 
oe 4 G) p- “~ ot te Qh om f . As 
rc C 8) 1" Cot ow ee a) Cee er ae i 
us > uy Coe Oe Oe ie ( A 
t~ Ti (T al wot. CS 
= = Cs i-- iiieae Ge cet C1 Ao) ovr 
«J ae. 4 > a (CL o- me ww ff & Cc 1 
a vo | a 4 iD Ww Cp uy ab a dtieea i E 
~ 4 fee =e FQ UM tur ==, 
Pad “. ~. eee {yf ny ae am - wiles = —= : = 
O cs E nL at . € 
4 1 | ny ad b—- my LC f 
ree peep ier OG - t- t~- 
t-4 soe tJ Gi a3 igh 2) JI tT a 
ea) ee Fs) sae oO en : eS ‘Ye, 
Pes eo a hi of leurs 65 ne nu 
cle fu r-4 ne ty oe- L ~ Ge Uh -o: e = (ty { 
a ee ee >, = >t m th + * <4 Oz co + 
t— er CJ ie) be eee ee ie ee See a) 4 @ | . 
wou t= a peo) * UW --- fy ay se "D> = 
{9 So. ui 8] Pe, ios) = 4A ee eee Ee 4 tu 
a een. at, u ov eel v mT O re i. 
mH Om we w i) nm > Pp its So ee ees C 
i Ore ry i = wm: 4 oT b— CO We be ee a a’ 
atc. C C ae E om 7G) oe ir. = ee b - c 
J = — GH a boot Ti wee TL a fe SE el var : 
cL ef ie : E ft f= C= > et ee oe er) oO : 
Sai) 1.) yk = Ch oo Ge ie Oe 2 Ole i nh I ie ke Le 
tpt 4g 1D 0 fe {ieee ty) Us Ge Ee 
{= Lt) ~ ( se) ip} & qi = Wer rey To CM a eH Ch a) (leet Co f 
PCs (a «G te 3 b- r (.) cS R- 
: eS a OF m4 QO di} Wi be WI fb sc of le } eet = — yw" 
oe) VT ise oe ein ie C2 Ca cee ee ra eae {! < -- 
(L =o) Ww 2G ok. (fh Hilal ee 4S) ie Pee oe 3 
Cs) (42 >< fH | a — ter iy) tit Fe te 5 tipoary an 4 " 
a ae byt a wo ee re Bs Ge el ui = 
Ow Pride + eel tesa (=) We en a ty. Ao = 
eae a) a0) c 
t= a mn) e Me 
i 
a i, (s 
ms oO f 
[ed 4 Ci. 
a a 
{ & me 
v cS ‘ie 
> () fa b 
oO = bp a 
iri fi] 2 
Peet aw ep Cee IC aD ie a fap Ey tS lee Oe a) Ga fs a wD Co = ; 
(geo. Cf) 6) CD =f Pte sd 11) 00 Ee 6 @) ae =e rh om ee PO Pt me) ee gt Pe 3H tt a. 
“7 (7) (0 T OO OV FE) °F Ge CO GS fa fs FED PD hmm ee ett mew or- 8 «8 m= CL Clery tyedvri €. 
Cty 03) Ce IT) OTD meme ee ee le . io ee ae _- . as 


“2 
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ws 


E(w 


GC sy 


co co ~) OF CS F 


Cs tay 


a? 


ae 
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A TI) Sh 


{a 


x (a 
€3 


i) 


ci =. 
ry 


« 


S 


Ul ™ CJ) hI S&S cp 
Co i OS Rey fa os 


-] CO) 
3 


I 2 


Oy CO itean Sian ee as tes 


S&S WwW @w 
oS) 


'Subprogram commang 

GOSUPR Loac_data 

SOs Ce nees | tne 

DISP “PLOTTING TS COMPLETA 

Ss) Ole 

| 

| 

| 

Load_data: !This program load the data from BDAT file 

lintcs the proaram 
[MASS STORAGE Sia. rcs - llett driversasans. 
LINPUT “ENTER A560 e ee tle aes 2 bes 
DISP “TRANSEER INGMe aeRO; = les 


ASSIGN @Path TO Filet iconnect te file 
ENTER ®@Path:Beam( * ) 'load beam data 
ENTER @Path:siana( *) lload signa. uwuzta 
ENTER @PathsNormal(*3 !ioad normal data 
ASSIGN Fath TO * l!close tne path 

Ness S)O0RrGea- meee. irioght drive as Man 
RETURN 


— _y 


= 
’ 
{ 


nis Program Tomheess Stone Wet olou tom 


| 

iChoice the cata ts craw 

PRINT “SELECT yt se eee ee) Oe igi 
Phy Weegee) oo Sieh 

PR UNT ve ~. NORMA Zen sicNek: 
[NRO oo Seniesa 

SCRE (acme c 

CnseE = 


GGSe Plot ereena! 
CASE elbee 
Bere 
PRIN NG Bn) ees ies 


LINFUT “DO YOU WANT CONTINUE ?" Ans$ 
TF Ans$="Y¥" THEN 37C 
Ste 


'This subprogram plots the peam pattern. 
| 

DISP “BEAM FATTERN PLOTTING" 

OUTPUT @GHo OSU: IFt SQ. 250Ce seers our 


O 
-— 
a) 
ot 
5 
si) 
e- 
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ee 


~] MO Ul & Gifs 
SIOoegga eg @& 


S (0 GH 
os 


Joe) a) -~J -~3J -2 ap AD ION ON ODaOomMmoagd wy 
-jJ) OF OU) fa CA PFJ — 
SaQqoagsd “ 


0 CO 
aSaq 


Hie GS mw OG & & &) @ &) ts & 


mw GS 


Lo) 
CG 


C26) 6st 


Beir Sho (Oaws ee i 
CUTPUT @GHoe 7/090; "SCo, 
OUTPUT ¢ho7@90;"SP1 
FCR N=! TO 1@@@ 
IF N=1 THEN OUTPUT 6Ho 7090; "PUPA" :NiBeam(N )*10@ 
OUTPUT GHp7090;"PDPA";N:Beam(N)#*100 
NEXT N 
GUIPUretripfedgs FU: 
| 
\This subproqgram oalcts the detected signal. 
OU ewe O (Odeo es At YS 
FOR N=i TO 1800 
feo N= TREN GUTRUT ieee eee N IT 
OUTPUT Sp 7090; “POPPA” N;Signa(N)+1a@ 


502.900] 4250-7 15d: ” 
moe Oo ee 
pie 


Og gs 


SS ee Sen ci ti Cl ele WO 20) i ee ey «Gh Cees crs, 


WOOO e 2G oO tt &@ Sw Ww ~~) M1 Wl em Gro — & w mt ~)} G) Ul & OIF 


i) in) As ol ca 


OU 
mS 


f 
C3 


ey 
cy 


NEXT N 
| 
[Define crawing area, aric and pen 
CISP "DRAWING PLOT AREA. 
Oe weno: LPl/obecsue syed ee St: ~ 
Ge wget oa7 298: "12 )7Sse 2e00 S256 71 50:” 
Cet ache 70a x Glog Dies 
HOVE Serna 1wsl: SP 4: sien 
GUTPUT SH sleet ed ea Be 
| 
‘eanet oP and ( aris. 
Gisr) SAseLLING” 
Opel mine eS: "Si ce. syle" 
POR x=o° 70 106@ STEP 102 

GUTPUT BHD 7O9Rs "FA" Xs" @:" 

mec og 

Pieoel@ciagtoo) Yel G 2 eee 7s beS:Le"sA:*” 
NE ey 
Os nS 72 eae. Ee ee ae 
Ben euUteBra7US0: PASYG =ee-lSAngle <cegrees )” 
FOR y=0 TO 1890 STEP 28C 

Pee eee (O30! Fa ras 

ee ene (0S0: CP. S  aeges be 4y/1ae."” 
NEXT y¥ 
Cee eee OS0; SP ieee ee Sy bl10 13h T2;” 
Cone uy erme i090; LOS. ebeas current - - -" 
Ce oe OC0; SP ieee se oe lO eli: " 
CU eer 040; LOS eeeectstiom  ~—---- , 
PETUFI 
| 
-!This subprogram picts the normalized signai. 


ni Sg gcicas 
Hon 7050; 


OUTFUT 


PATTERN PLOTTING" 
“IP1750 ,230¢ 
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Co fst Cl Gs) 2 a2 tie ee 
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Bir © woot mM 
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od 


OJ Od 
=i G) Uf} 
Oo & 


f- ts) of €41 © 


OS wm 
Gq © fy Gi 63 2 a @ 


fs oe fa oe 
Ov t-i 3 


C2 
iT} 


QUTPUT @Ho79S0:° 121 7SCees0 Cr ese ae: 
OUTPUT 8Hp7@96;"5C@ 1000 ,@,1280;" 
OUTPUT Che 7090R Se sae 

FOR N=! TO 180@ 


IF N=) THEN OUTPUT @Hp709G;3 "FUPA" IN;Normal(N )*3@@ 


OUTPUT @6Hp7@9@; "PFDPA";NsNormalin )#30@ 
NEXT N 
'Define drawing area, grid and pen 
DISP “DRAWING FLOT AREA. 
OUTPUT @Hp 7090s Tet 7 sG 26004 s3s0 71 So. 
OUTPUT SHo tas 7 1 fi yep eeeOeaeo. 7 Paes. 
OUTPUT Bho 7030; Go vee 
OUTPUT @C@hp OSs srasteges 
OUTPUT Chpvyooo Ue 


lLabel X and Y axis. 

CLS? SAGE riaiiee 

OUTPUT GHO (OSU See eae 
FOR X=@ TO 10@@ STEP 100 


OUTPUT @GHa 70305 Fa at eu: 

Remo 

OUTPUT Chap 7090 Ue Gg Cee Ca ei 
NEXT X 
DATS 5 ,-4 =o 455 oe ere 
CUTPUT ®8Hp 703903 "PAS0G ,-8d:LeAn 
FOR y¥=2 70 1200 5SE7Eo 200 

OUIiPUl Ghavyoga, Fee eee 

CUTPUT CHp 7090; “Co eaeueeGewe uz odd.” 


rPUT OHp 7038 baua - 582 
i Puy Bap 7GSes3 "Luss Bent 
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